The aim was to investigate how blueberry husks and/or mixtures of probiotic strains (Lactobacillus crispatus DSM16743, L. gasseri DSM16737 and L. plantarum DSM15313 (LABmix), or Bifidobacterium infantis DSM15159 and DSM15161 (BIFmix)) affect colonic fermentation, caecal counts of lactobacilli, bifidobacteria and Enterobacteriaceae, body weight gain, and blood concentrations of carboxylic acids (CA) and ammonia in rats. Dietary fibres in blueberry husks were fermented to 61 % in colon, and the elevated faecal excretion of fibre and protein contributed to the high faecal bulking capacity (1·3). The caecal pool of CA was higher in rats fed blueberry husks than the fibre-free control (P, 0·05), and the propionic acid proportion was higher in the distal colon than in the control group (P,0·05). Probiotics lowered the caecal amount of CA when added to blueberry husks (P, 0·001), while the propionic acid proportion was higher with LABmix (P, 0·01) than blueberry husks only. The propionic acid and butyric acid concentrations in blood were higher in rats fed blueberry husks and probiotics than those fed blueberry husks only (P,0·01), implying that the absorption of these acids was facilitated by the bacteria. The caecal counts of lactobacilli, bifidobacteria and Enterobacteriaceae were lower in rats fed blueberry husks than the control diet (P, 0·05). The body weight gain was partly influenced by the caecal tissue and contents weights, and BIFmix decreased the ammonia concentration in blood (P,0·05). We conclude that colonic fermentation is differentially affected by dietary fibre and probiotics, which may be of importance when developing foods with certain health effects.
The intestinal microbiota can play an important role in health and disease, although we as yet do not have a clear picture of the contributions of different components to the maintenance of bowel health. Many intrinsic and extrinsic factors affect the constitution, including nutrients, age, immunological status of the host, transit time, competition between different bacterial species, and the presence and availability of fermentable material in the gut (1) . Components in the diet that enter the colon may exert a major influence on the bacterial populations and their activities (2) . As a consequence, modification of the microbiota has become an important objective in dietetics. The aim of probiotic therapy is to normalise the properties of unbalanced indigenous microbiota by the intake of specific strains, mostly lactobacilli or bifidobacteria. Foods containing both probiotics and dietary fibre may therefore have a potential role in influencing the gastrointestinal health.
The quantitatively most important substrates for the colonic microflora are carbohydrates such as dietary fibre, resistant starch and oligosaccharides (3) . Small amounts of protein and fat may also reach the colon, as well as polyphenols (4) . The unabsorbed dietary carbohydrates escaping digestion and absorption in the small intestine are available to the colon and become substrates for fermentation by the colonic microflora and thus have potential prebiotic effects.
The carbohydrates may be selectively metabolised by desirable moieties of the indigenous microbiota, and will thus exert prebiotic effects that change the composition and activity of the microbiota (5) . The main end-products of fermentation are SCFA, mainly acetic, propionic and butyric acid. These SCFA can be utilised by the colonic mucosa, absorbed or excreted in the faeces (6) . Butyric acid is an important energy substrate for colonic epithelial cells (7) and also affects proliferation and differentiation (8) . The metabolism of butyric acid occurs mainly in the colonic mucosa, but during increased production butyric acid may be distributed to cells not in direct proximity to the gut (9) causing systemic effects. Propionic acid and acetic acid are metabolised by the liver, and it has been suggested that they have effects on lipid and glucose metabolism. Propionic acid may inhibit hepatic cholesterol synthesis from acetic acid, and the higher the propionic: acetic acid ratio, the more pronounced the effects (10) . Lactic acid, succinic acid, branched-chain fatty acids and small amounts of valeric, heptanoic and caproic acid may also be formed during fermentation. The physiological effects of these are less well-known, however, the pH is lowered by all SCFA, which may be beneficial per se (3) .
Phenolic compounds have been increasingly associated with various physiological effects (11) by acting as antioxidants (12) .
Polyphenols can also be toxic towards fungi, yeasts and bacteria (13) , and their antimicrobial activity has attracted interest. Most Lactobacillus spp. are unable to degrade polyphenols, but strains of the closely related species L. plantarum, L. pentosus and L. paraplantarum have been shown to possess tannase activity (14) and to metabolise phenolic acids (15) . Blueberries contain high amounts of phenolic compounds, mainly anthocyanins (16) , and these compounds are mainly deposited in the cell wall of the berry, where lignin accumulates (17) . Blueberries also contain dietary fibre, which may have beneficial effects per se, either on the metabolism or on intestinal function.
In recent years, there has been considerable interest in the contribution of the microbiota to the pathophysiology of obesity. The intestinal microflora may affect the energy balance of the host through different mechanisms. Microbial regulation of host genes that promote lipid deposition in adipocytes may enhance the storage of TAG in fat cells (18) . The microbiota of the human intestine is often dominated by members of the bacterial phyla (divisions) known as Firmicutes and Bacteroidetes. Studies in both obese human subjects (19) and mice (19, 20) have shown a higher proportion of intestinal Firmicutes in the obese than in lean controls, and the relative abundance of Bacteroidetes increases as obese individuals lose weight. Lactobacillus spp. and Bifidobacterium spp. are frequently used as probiotics, the former belonging to the Firmicutes and Bifidobacterium belonging to the Actinobacteria.
The aim of the present study was to examine how blueberry husks and/or mixtures of probiotic strains (Lactobacillus crispatus DSM 16 743, L. gasseri DSM 16 737 and L. plantarum DSM 15 313 (LABmix), or Bifidobacterium infantis DSM 15 159 and DSM 15 161 (BIFmix)) affect colonic fermentation, i.e. the production of carboxylic acids (CA) in the hindgut, the viable counts of lactobacilli, bifidobacteria and Enterobacteriaceae in caecum, body weight gain, and the concentrations of ammonia and SCFA in the portal blood in rats. Blueberry husks were chosen due to their high content of fibre and polyphenols, and there is a growing interest towards new materials with prebiotic potentials to be incorporated in future functional foods. The Lactobacillus and Bifidobacterium have a long tradition of being used as probiotics and the chosen species L. gasseri and L. crispatus are typically dominating in healthy vagina and, hence, seem to be the choice of nature for the primal inoculation of infants. L. plantarum is the dominating bacteria in most lactic acid-fermented foods based on plant material, and B. infantis is typically occurring in the colon of breast-fed infants.
Material and methods

Materials
Husks from wild-growing low-bush blueberry (Vaccinium myrtillus L.) were derived from pressed berries and then freeze-dried (Probi AB, Lund, Sweden).
The bacterial strains were Lactobacillus crispatus DSM 16 743 and L. gasseri DSM 16 737, both originally isolated from the healthy vagina of fertile women, L. plantarum DSM 15 313, isolated from the gastrointestinal mucosa of a healthy human subject, and Bifidobacterium infantis DSM 15 159 and B. infantis DSM 15 161, both of which have been isolated from infant faeces. The mixture of the three Lactobacillus strains is referred to in the text as the LABmix, and the two Bifidobacterium strains as the BIFmix.
The bacterial preparations were made from fresh cultures in Lactobacillus carrying medium (21) for the Lactobacillus strains, or in bifidobacteria medium (22) for the Bifidobacterium strains, after the following modifications per litre medium for the Bifidobacterium strains: sodium acetate, 10 g; ascorbic acid, 10 g; (NH 4 ) 2 SO 4 , 5 g; K 2 HPO 4 , 3 g; (KH) 2 PO 4 , 3 g; Tween 80, 1 ml; yeast extract, 0·5 g; glucose, 20 g; mineral salt solution, 5 ml. The cultures were incubated at 378C in an anaerobic environment for 48 h. The bacteria were harvested by centrifugation at 11 000 g for 10 min, and re-suspended in 1 ml dilution liquid (NaCl, 8·5 g/l; bacteriological peptone (Oxoid, Unipath Ltd, Basingstoke, UK), 1 g/l; Tween 80, 1 g/l; L-cysteine hydrochloride monohydrate (Merck), 0·2 g/l), before administration.
Animals and diets
Male Wistar rats (Scanbur AB, Sollentuna, Sweden), with an initial weight of 90 (SE0·8) g, were randomly divided into six groups of nine animals. The rats were housed individually in metabolic cages (23) in a room maintained at 228C, with a 12 h light-dark cycle. The feed intake was restricted to 12 g (dry weight basis) per day and the water was given ad libitum. The protocol for the animal experiment was approved by the Ethics Committee for Animal Studies at Lund University. In diets containing blueberry husks this component was substituted for digestible wheat starch to give a concentration of 120 g dietary fibre/kg diet (dry weight basis). The wheat starch used has been shown to be completely digested in previous experiments, and therefore does not form any CA (24) . The content of dietary fibre in blueberry husks was 40·8 g/100 g (dry weight basis), and of this, 14·4 g/100 g (dry weight basis) was Klason lignin, i.e. components not soluble in 12 M-H 2 SO 4 . The dietary fibre polysaccharides mainly consisted of glucose (39 %), uronic acids (25 %) and xylose (20 %). Considerable amounts of galactose (7 %) and arabinose (5 %) were also detected, while rhamnose, fucose and mannose only contributed with minor amounts (,2 %; Table 1 ). The rats were assigned one of the dietary treatments according to Table 2 . A control diet without any dietary fibre or probiotics, and five test diets were prepared. In two of the test diets the LABmix or BIFmix was added to the fibre-free control diet. The other three test diets contained dietary fibre from blueberry husks and the BIFmix and the LABmix were added to two of these test diets. Viable bifidobacteria and lactobacilli were mixed daily with the feed at feeding time: 1 £ 10 9 colony-forming units (CFU) for Bifidobacterium infantis DSM 15 159 and B. infantis DSM 15 161, and 5 £ 10 10 to 1 £ 10 11 CFU for Lactobacillus crispatus DSM 16 743, L. gasseri DSM 16 737 and L. plantarum DSM 15 313.
After 7 d of adaptation to the diets, an experimental period of 5 d followed, when faeces and feed residues were collected daily (25) . The faecal samples were stored at 2 208C, thereafter freeze-dried and milled, before analysis of dietary fibre, protein, fat and ash. During the last 24 h of the experiment, fresh faecal samples were collected on dry ice and stored at 2 408C for determination of the faecal excretion of CA. After the experimental period the animals were anaesthetised by subcutaneous injection of a mixture (1:1:2) of Hypnorm (Division of Janssen-Cilag Ltd, Janssen Pharmaceutica, Beerse, Belgium), Dormicum (F. Hoffman-La Roche AG, Basel, Switzerland) and water at a dose of 0·15 ml/100 g body weight. The animals had been fasting for 3-6 h before being killed. Blood samples were collected from the portal vein, placed in tubes containing EDTA, centrifuged and stored at 2408C until analysis of the SCFA, urea and ammonia. The caecum was then removed, weighed with and without its contents, and the pH measured in the contents, before being stored at 2 408C for analysis of the CA. The caecum tissue was washed with sterile PBS, weighed, collected in sterile tubes containing freezing medium and immediately frozen in liquid nitrogen for analysis of the microflora. Stool samples were collected from the proximal and distal colon and stored at 2 408C until the analysis of CA.
Analytical methods
The amount of soluble and insoluble dietary fibre in blueberry husks was determined gravimetrically (26) . The composition of the isolated fibre residue was analysed using GLC of the neutral sugars as their alditol acetates, and by a spectrophotometric method for the uronic acids (27) . Characterisation of fibre monomers in faeces was performed directly without any prior isolation of dietary fibre.
The protein content was analysed according to the Kjeldahl procedure, using 6·25 as the conversion factor from nitrogen to protein.
Fat was determined gravimetrically by extraction in diethyl ether and petroleum ether (bp 40 -608C; 1:1) after hydrolysis with ethanol and 7·7 M-HCl at 70-808C for 1 h.
The ash content was determined by combustion of the sample at 5508C for 24 h.
Serum was separated from plasma before the analysis of SCFA. Calcium chloride (1 %, w/w) and bovine thrombin (10 000 units per 6 ml water) were added to plasma, one drop per ml plasma. The fibrinogen coagel was removed and the tube was centrifuged for 10 min at 1000 g with an Eppendorf Minispin centrifuge (Eppendorf AG, Hamburg, Germany). The serum was transferred to a clean tube and analysed with regard to the SCFA (acetic, propionic, isobutyric, butyric, isovaleric and valeric acids) using GLC (28) .
Water was added to the serum samples and the SCFA were protonised with hydrochloric acid. A hollow fibre, for supported liquid membrane extraction, was immersed in the serum solution to extract the SCFA. After extraction, the SCFA were flushed from the fibre lumen and mixed with 2-ethylbutyric acid (internal standard) before being injected on to a fused-silica capillary column (DB-FFAP 125-3237; J&W Scientific, Agilent Technologies Inc., Folsom, CA, USA). GC ChemStation software (Agilent Technologies Inc., Wilmington, DE, USA) was used for the analysis.
The SCFA (acetic, propionic, isobutyric, butyric, isovaleric, valeric, caproic and heptanoic acids) in the intestinal content (caecum, proximal and distal colon) and faeces were analysed using a GLC method (29) . The intestinal content and the faecal samples were homogenised with an Ultra Turrax w T25 basic (IKA w -Werke, Staufen, Germany) after adding water. Hydrochloric acid was added to protonise the SCFA. The samples were then centrifuged (MSE Super Minor, Hugo Tillquist AB, Solna, Sweden) and 2-ethylbutyric acid (internal standard) was mixed with the supernatant before injection on to a fused-silica capillary column (see earlier). Other CA (D-and L-lactic acid and succinic acid) were quantified spectrophotometrically with commercially available enzymatic kits (numbers 11112821035 and 10176281035; Boehringer Mannheim, Mannheim, Germany). The procedures were performed according to the manufacturer's instructions.
For the analysis of ammonia sulphosalicylic acid was mixed with plasma to precipitate high-molecular weight proteins. Ammonia was determined using an amino acid analyser (Biochrom 30; Biochrom Ltd, Cambridge, UK) based on ionexchange chromatography (30) . The EZChrom Elite software package (Scientific Software Inc., Pleasanton, CA, USA) was used for the analysis.
Bacteriology
Viable counts were measured on caecal tissue, which were treated in an ultrasonic bath (Millipore, Sundbyberg, Sweden) for 5 min and swirled on Chiltern (Therma-Glas, Göteborg, Sweden) for 1 min. A conventional dilution procedure was applied, and samples from the appropriate dilutions were plated. Viable counts of lactobacilli were obtained following incubation on Rogosa agar (Oxoid) anaerobically at 378C for 72 h and Enterobacteriaceae after incubation on violet redbile-glucose agar (Oxoid), also incubated aerobically at 378C for 24 h. The bifidobacteria count was obtained by incubation on modified Wilkins-Chalgren agar (Oxoid) (31) incubated at 378C for 72 h. Colonies from the lactobacilli count of the LABmix and the LABmix/blueberry groups (five isolates and thirteen isolates, respectively) were picked and typed with randomly amplified polymorphic DNA (see later).
For the randomly amplified polymorphic DNA method selected colonies were cultured on Rogosa agar (Oxoid) to verify their purity and to provide a template for the PCR, crude cell extract was used (32) . The primer used in the amplification was a 9-mere with the sequence 5 0 -ACG CGC CCT-3 0 (Scandinavian Gene Synthesis AB, Köping, Sweden) (32) . PCR templates (1 ml) were used in a total reaction volume of 50 ml containing PCR reaction buffer with 1·5 mM-MgCl 2 , 0·2 mM-dNTP and 2·5 units of Taq DNA polymerase (all from Roche Diagnostics GmbH, Mannheim, Germany). PCR amplification was performed in a Perkin-Elmer thermal cycler, using the following temperature profile: 948C for 45 s, 308C for 120 s, 728C for 60 s, for four cycles, followed by 948C for 5 s, 368C for 30 s (with an extension of 1 s per cycle), and 728C for 30 s, for twenty-six cycles. The PCR reaction was terminated at 728C for 10 min, followed by cooling to 48C. Agarose gel electrophoresis was run, the gels were then stained with ethidium bromide and photographed under UV illumination.
Calculations and statistical evaluation
The design of the experiment was completely randomised and resulted in a control diet containing neither dietary fibre nor probiotics. The five test diets contained either blueberry husks and/or the LABmix or BIFmix. Data from rats given diets containing probiotics were compared with those fed the control diet or the diet containing blueberry husks. Rats given blueberry husks were compared with those given the control diet without any dietary fibre. All analyses were performed at least in duplicate. The maximum error in the analyses was , 5 %.
Caecal pools (mmol) of CA were calculated as the concentration of each acid (mmol/g) multiplied by the amount of caecal content. The values were extrapolated to the complete intake of dietary fibre (7·2 g) to correct for the small amounts of feed residues. Body weight gain during the experimental period was calculated per g feed consumed. Bulking capacity was calculated as faecal dry weight test diet 2 faecal dry weight control diet dietary fibre ingested and the fermentability of the dietary fibre was calculated as
The results were normally distributed with the exception of ammonia, and they are presented as means and standard errors in Tables 3-6 . Two-way ANOVA was used to determine the effects of dietary fibre (Fibre), probiotics (Pro) and their interactions (Fibre £ Pro) (Tables 3, 5 and 6). When significant differences were found, individual means were analysed by one-way ANOVA, to assess the effect of dietary fibre by using Tukey's procedure (P, 0·05) or the probiotic effect by using Dunnett's procedure (P, 0·05; Tables 3, 5 and 6). In Table 4 mean values of dietary intake, faecal wet weight and total faecal dry weight were analysed by one-way ANOVA using the General Linear Model procedure (P, 0·05). All evaluations, except those concerning the bacterial flora, were performed with Minitab statistical software (Release 14).
The intestinal bacterial flora values are presented as medians with 25 and 75 percentiles, and statistical analyses were conducted in SigmaStat w version 3.0 (SPSS Inc., Chicago, IL, USA) ( Fig. 1) . Differences between the bacterial counts in all groups were evaluated using the Kruskal -Wallis test (P,0·05). When comparing only two groups, the 
BIFmix, Bifidobacterium infantis DSM15159 and DSM15161; LABmix, Lactobacillus crispatus DSM16743, L. gasseri DSM16737 and L. plantarum DSM15313. a,b Mean values of control and blueberry husk only, i.e. those without any added probiotics, with unlike superscript letters were significantly different (P, 0·05). Mean values were significantly different from those of rats fed diets without bacteria: *P,0·05, **P,0·01. Mean values were significantly different from those of the control diet: †P, 0·05. Mean values were significantly different from those of rats fed the blueberry husk diet: ‡P,0·05. § For details of procedures and diets, see the Material and methods section and Table 2 .
k Body weight gain divided by the total feed intake during the experimental period.
{ Median values and 25th to 75th percentiles.
Mann-Whitney rank sum test was used (P,0·05). Since the values of ammonia concentrations (Table 3) were not normally distributed, they are presented as medians and were evaluated using the Kruskal -Wallis test, followed by the Mann-Whitney rank sum test.
Results
Feed intake and weight gain
The rats appeared healthy and active throughout the experiment and the test diets were well tolerated. However, during anaesthesia one of the rats in the control group died.
The rats consumed essentially all of the diet provided during the experimental period (11·4-11·9 g/d; Table 3 ). Significant differences were observed in body weight gain among the groups. When blueberry husks were included in the diet the rats gained more weight than those fed the control diet without any fibre (0·44 g/g feed v. 0·37 g/g feed, P¼0·043; Table 3 ).
When the LABmix and BIFmix were added to the blueberry husk diet the rats gained less weight than rats fed the diet containing blueberry husks alone (0·30 g/g feed and 0·34 g/g feed compared with 0·44 g/g feed, P¼0·002 and P¼0·020, respectively).
Bulking capacity and fermentability
Addition of blueberry husks increased the mean faecal wet weight from 1·7 (SE 0·1) to 15·0 (SE 0·5) g/5 d and the mean dry weight from 1·5 (SE 0·0) to 10·6 (SE 0·2) g/5 d ( Table 4 ). The increase in faecal dry weight consisted largely of dietary fibre (2·7 g), but the amount of protein and fat also increased, by six and four times, respectively. The bulking capacity (faecal dry weight increment in g per g added fibre) in rats fed blueberry husks was 1·3 (Table 3) . No further effects were seen on the faecal bulking capacity in rats when probiotics were added to the diets. The dietary polysaccharides in blueberry husks were rather resistant to microbial degradation and 39 % was excreted in faeces ( Table 1 ). Glucose and xylose (xyloglucans) were most resistant to fermentation and on average 50 % of the amount ingested was utilised by the microflora, while polymers containing uronic acids, galactose and arabinose were more fermented, and 27 % was excreted in faeces of these compounds. No further effects on the fermentation of the fibre in blueberry husks were found when rats were fed the BIFmix or the LABmix (Table 3) .
Caecal tissue weight, content and pH
The weight of the caecal tissue was higher in rats fed the diet with blueberry husks and the control diet with BIFmix than in the control diet (0·8 and 0·6 g v. 0·4 g, P, 0·05; Table 3 ). The caecal tissue weight was lower in rats given the blueberry husk and LABmix diet than in those given a diet containing blueberry husks alone (0·7 g v. 0·8 g, P¼ 0·002).
The weight of the caecum contents was higher in rats fed blueberry husks (3·8 g) than in those fed the control diet (3·8 g v. 1·1 g, P,0·05; Table 3 ). The addition of LABmix increased the weight of caecal contents when added to the control diet from 1·1 to 1·3 g (P¼0·048), while it decreased the weight when added to the diet containing blueberry husks from 3·8 to 2·9 g (P¼0·002).
The caecal pH varied between 6·7 and 7·2 ( Table 3 ). Blueberry husks did not affect the caecal pH, neither did the probiotics. However, a synergistic effect was seen when the BIFmix was given together with blueberry husks, leading to a lower pH than the control diet (6·7 v. 7·0, P, 0·014).
Ammonia and urea in portal blood
The BIFmix lowered the concentration of ammonia in portal blood ( Table 3 ). The median concentration decreased from 0·49 (25 and 75 percentiles 0·36 -0·65) mmol/ml to 0·32 (0·30-0·40) mmol/ml (P¼0·024) in rats fed the control diet. Similar effects were seen when the BIFmix was added to the blueberry husk diet, and the median ammonia concentrations decreased from 0·45 (25 and 75 percentiles 0·34-0·82) mmol/ml to 0·33 (0·28-0·49) mmol/ml (P¼0·042). No further effects on ammonia concentrations could be seen. No effects on the urea concentration were found with any of the test diets. Mean values of control and blueberry husk only, i.e. those without any added probiotics, with unlike superscript letters were significantly different (P, 0·05). Mean values were significantly different from those of rats fed diets without bacteria: *P,0·05, **P,0·01, ***P,0·001. § For details of procedures and diets, see the Material and methods section and Table 2 . Values are given as means of pools (mmol/caecum) or concentrations (mmol/g) and standard errors or percentages of the total carboxylic acids. k Isobutyric, isovaleric, valeric, caproic and heptanoic acid. { The amount of lactic acid and succinic acid was not analysed due to insufficient material in the proximal and distal colon.
Carboxylic acids in the hindgut of rats
Acetic acid was the major acid formed in the caecum of all the rats (25-116 mmol) followed by propionic (7 -23 mmol) and butyric acid (5 -23 mmol) ( Table 5 ). The relative mean distribution of acetic, propionic and butyric acids was 68, 18 and 14 %, respectively, in the caecum, 79, 13 and 8 %, respectively, in the proximal colon, and 64, 20 and 16 %, respectively, in the distal colon. The caecal pool of CA was higher in the rats fed blueberry husks than in those fed the control diet (207 mmol v. 75 mmol, P, 0·05; Table 5 ). This was due to an increase in all CA except the minor ones. The caecal proportion of acetic and L-lactic acid was higher (P¼0·002 and P¼0·013) with blueberry husks, while that of propionic acid and all the minor acids was lower (P¼0·005 and P, 0·001). Similar effects on the proportions of CA were seen in the proximal and distal parts of the colon, compared with caecum. An exception was the higher proportion of propionic acid in the distal part of colon (19 % v. 15 % with the control diet, P¼0·05) and butyric acid in faeces (12 % v. 5 % with the control diet, P¼0·05) following the blueberry husk diet (data not shown in tables).
When the BIFmix or the LABmix was added to the blueberry husk diet, lower caecal concentrations (55 mmol/g v. 41 and 29 mmol/g, respectively) and pools (207 mmol v. 138 and 85 mmol) of CA were seen (P, 0·001). However, there was an increase in the caecal proportion of propionic and minor acids following the diet containing the LABmix (P¼0·007 and P, 0·001) ( Table 5) .
When rats were fed the control diet, the caecal pools of CA increased when the LABmix was added to the diet (from 75 to 106 mmol, P¼0·023), while the BIFmix had no effect ( Table 5 ). The caecal proportions of most CA were lower with BIFmix and LABmix in the diet, with the exception of L-lactic acid, which was higher. A higher caecal proportion of D-lactic acid was also seen with BIFmix. A lower proportion of butyric and propionic acid was found in the proximal colon with BIFmix (2 and 4 % v. 10 and 16 %, respectively), while the proportion of acetic acid was higher (81 v. 65 %) (data not shown in tables).
SCFA in portal blood
There was a comparatively high variation in SCFA concentration in serum among different individuals ( Table 6 ). The major acid in portal blood was acetic acid (645 -1394 mmol/ l) followed by propionic acid (22-77 mmol/l) and butyric acid (5 -31 mmol/l) ( Table 6 ). Considerable amounts of isobutyric (2 -12 mmol/l), isovaleric (3 -26 mmol/l) and valeric (9 -26 mmol/l) acids were also detected. The average distribution between these acids was 92 % (acetic acid), 4 % (propionic acid) and 1 % for each of the remaining acids.
The concentrations of SCFA in the portal blood of rats fed blueberry husks were similar to those fed the control diet; exceptions were isovaleric and valeric acid, which decreased. When LABmix or BIFmix were added to the blueberry husk diet an increase was seen in the mean concentrations of propionic (from 23 to 66 mmol/l) and butyric acid (from 6 to 24 mmol/l) (P, 0·01). The concentrations of isobutyric and isovaleric acid also increased (P, 0·001). An increase in the concentration of valeric acid was seen with the BIFmix (P, 001).
When the LABmix was added to the control diet, the total concentration of SCFA increased in the serum of the rats (P¼0·039), due to an increase in the concentration of all these acids except propionic and valeric acid (P, 0·05 to P, 0·001). BIFmix had no effect when added to the control diet.
Bacteriology
Adding the LABmix to the control diet resulted in an increase in the median viable counts of lactobacilli from 7·4 (25 and 75 percentiles 6·9-7·5) log CFU/g caecal tissue to 9·2 (8·9 -9·5) log CFU/g caecal tissue ( Fig. 1 (A) , P,0·001). A decrease in lactobacilli count was seen in all groups fed blueberry husks compared with the control diet (P, 0·05 to P, 0·01). L. plantarum DSM 15 313 was found on the caecal tissue in the rats fed the LABmix, while L. crispatus DSM 16 743 and L. gasseri DSM 16 737 could not be detected. Different randomly amplified polymorphic DNA types of Lactobacillus originating from the resident flora of the animals were observed. The addition of BIFmix to the diets did not increase the viable counts of bifidobacteria on rat caecum tissue. The median bifidobacteria count decreased in groups given blueberry husks alone, 4·0 (25 and 75 percentiles 3·9-4·2) log CFU/g tissue, and in combination with the BIFmix, 3·5 (3·0-3·8) log CFU/g tissue and together with the LABmix, 3·9 (3·7-4·2) log CFU/g tissue, compared with the control group, 6·2 (6·0-6·6) log CFU/g tissue ( Fig. 1 (B) , P,0·001). A decrease in the bifidobacteria count was also seen in the caecum of rats fed blueberry husks together with the BIFmix, compared with rats fed blueberry husks without this mix (P,0·034).
The median viable counts of Enterobacteriaceae in caecum tissue were reduced in the groups given blueberry husk alone, 2·6 (25 and 75 percentiles 1·8-3·6) log CFU/g tissue, and in combination with the BIFmix, 2·4 (1·7 -3·0) log CFU/g tissue, or the LABmix, 3·0 (2·0 -3·5) log CFU/g tissue, compared with the control group, 5·9 (5·1 -6·3) log CFU/g tissue ( Fig. 1 (C) , P, 0·001).
Discussion
The present results demonstrate that intestinal fermentation characteristics were affected by blueberry husks, by different multi-strain mixtures of probiotics, and by combinations of blueberry husks and probiotics. Different combinations were shown to have different effects.
The dietary polysaccharides in blueberry husks were rather resistant to microbial degradation and 39 % was excreted in faeces. This high resistance to fermentation may be due to the high content of lignin, measured as Klason lignin (144 g/kg, dry weight basis), including not only lignin but also other polyphenols (33) . Other food items containing high amounts of lignin, such as wheat bran, have also been reported to be quite resistant to fermentation. However, the bulking capacity of blueberry husks was higher than that of wheat bran, 1·3 g/g fibre v. 1·0 g/g fibre for wheat bran (34) , i.e. as high as with certain commercial bulk laxatives (35) . Polyphenols in blueberries have also been reported to reach colon and may have contributed to the bulking effect (4) . The faecal excretion of protein and fat increased on average by six and four times, respectively, with blueberry husks. The amount of fat excreted by the rats was similar to previously reported values with different types of fibre, while the amount of protein was considerably higher than in previous studies (23, 35) . It may be speculated whether the polyphenols in the blueberry husks inhibit the digestion of protein. An interaction between tannins and proteins has been shown to cause a reduction in net protein utilisation (36) , and similar effects have also been found in rats after a high intake of phenolic compounds (37) .
The caecal content of CA in rats fed blueberry husks was, as expected, higher than without this fibre source. However, the content was comparatively low, and in the same range as previously reported with wheat bran (38) . Furthermore, the caecal proportions of acetic, propionic and butyric acids were similar to those with wheat bran (39) . The proportions of propionic acid and butyric acid were higher in the distal colon and faeces, respectively, in rats fed blueberry husks than in rats fed the fibre-free control diet (data not shown). This is important, as both these acids are essential substrates for the colonic epithelial cells, improving gut health, and a surplus of substrates also has metabolic effects.
The caecal pool of succinic acid was higher in rats fed blueberry husks than in rats fed the fibre-free diets. Blueberry husk has antimicrobial effects, as judged by the decreased counts of lactobacilli, bifidobacteria and Enterobacteriaceae and the larger pool of succinic acid may be a consequence of these antimicrobial effects. An increase in succinic acid concentration in rats treated with broad-spectrum antibiotics has been reported (40) .
The concentration of CA in the caecum of rats given blueberry husks together with either of the probiotic mixtures was lower than with blueberry husks alone (P,0·001). This may be due to enhanced absorption in the presence of probiotics, but it cannot be excluded that the viable probiotics may have been stimulating the fermentation to start already in the small intestine (41) , contributing to the lower concentration. Interestingly, the absorption of specific acids may have been facilitated, as judged by the higher concentration of propionic and butyric acids in serum of rats. This must be considered positive, as it is important to improve both the nutritional status of the mucosa (42) and the concentration of these SCFA in blood (10, 43) . Surprisingly, the concentration of SCFA in portal blood was higher in rats fed the control diet than those fed the diet with blueberry husks. It may be speculated whether this was due to the higher permeability in the hindgut of the rats, since smaller amounts of SCFA are formed due to the absence of fibre. Further, the shorter transit time through the colon with the fibre-rich blueberry husks may have contributed to this effect.
When the diets were supplemented with the LABmix, the caecal content increased in the case of the fibre-free diet (P,0·048) but decreased when added to the blueberry husk diet (P, 0·002). The increased caecal content in rats fed the control diet containing LABmix may be due to an increase in the number of lactobacilli and an increased amount of bacterial polysaccharides and perhaps also stimulation of synthesis of endogenous polysaccharides. The decrease in caecal contents in rats fed blueberry husks and LABmix compared with those fed blueberry husks alone may be due to the fact that the dietary fibre polysaccharides and/or polyphenols were degraded by the colonic microbiota, to a higher extent in the presence of LABmix. Another explanation could be that weak bonds between molecules were broken by the LABmix changing the three-dimensional structure, and as a consequence less water was retained in the caecum. In view of the fact that the degree of fermentation and the bulking capacity were very similar regardless of whether probiotics were added to the blueberry husk diet or not, modification of the architecture of the fibre by the LABmix seems to be a probable explanation.
The caecal tissue weight has been shown to be correlated to the caecal content, and not to the formation of CA, in many studies (44) . This was also shown in the present study; the exception being rats fed a fibre-free diet with the BIFmix, where the caecal tissue weight was higher than expected. The reason for this is not known, but the appearance of the caecal tissue was considerably different (swollen) from that of rats fed the other diets. It may be speculated whether this fact influenced the absorption of SCFA, since rats fed the fibre-free diet containing the BIFmix showed the lowest concentrations of SCFA in serum.
The probiotic supplementations influenced the body weight gain. The weight gain in rats fed blueberry husks and BIFmix or LABmix were lower than those fed blueberry husks only. In the case of LABmix and blueberry husks the body weight gain was at least partly influenced by the caecal content, which was lower in these rats than those fed blueberry husks only. However, since there was no difference in caecal content between rats fed BIFmix and those fed blueberry husks only, the lower body weight gain may be due to a lower muscular and/or fat weight. Further, no data on muscular and fat weight were obtained in the present study. The caecum content seems also to be the cause of the higher weight gain in rats fed blueberry husks compared with the control group. Another explanation may be the formation of CA per se, produced during fermentation of blueberry husks, increasing the nutritional status and the weight of the caecal tissue. Fructo-oligosaccharides, which give high amounts of CA during fermentation and have the capacity to increase the number of bifidobacteria, have been reported to reduce the plasma concentrations of endotoxins (lipopolysaccharides) (45) . This observation was explained by a lower permeability of the mucosa. None of the diets was able to increase significantly the number of bifidobacteria. The result was surprising, in view of the fact that the BIFmix contained viable B. infantis. This may be explained by an antagonistic effect exerted by the exogenous bifidobacteria against the resident microbiota, affecting the composition of different Bifidobacterium spp. present in the intestines. Another possible mechanism may be the viable count on selective media method, which is a somewhat unreliable technique. However, a third explanation could be that consuming Bifidobacterium may induce an immunological response in the host directed directly or indirectly towards bifidobacteria.
Ingestion of blueberry husks was accompanied by a decrease in the number of Enterobacteriaceae. This must be regarded as beneficial because the Enterobacteriaceae family includes many potential pathogens with urease activity, which can contribute to their virulence and enhance their acid resistance (46) , and they also possess highly potent endotoxins. The beneficial effect may be mediated by the high antimicrobial effect of the polyphenols in blueberry husks.
In the present study, the BIFmix alone and in combination with blueberry husks reduced the concentration of ammonia in the portal vein compared with rats fed the control diet. In earlier studies Bifidobacterium spp. have been found to use ammonia as the nitrogen source for their growth (47) , thus reducing the concentration of ammonia in the portal vein (48) . This is of interest, since control of the ammonia concentration is a serious problem in patients with liver disease, where circulating ammonia concentrations are high as a result of impaired liver function and decreased urea synthesis.
In conclusion, due to the relatively high resistance to colonic fermentation blueberry husks gave a rather low amount of CA. The amount of CA in caecum was influenced by the probiotic mixtures, either by an enhanced absorption in caecum to the portal vein, or by stimulating the fermentation in the small intestine. In either case, the concentration of propionic and butyric acid in serum was higher with the probiotic mixtures, implying that the absorption of these acids was facilitated by the bacteria. Another interesting result was the BIFmix impact on ammonia concentration, of lowering it. These significant differences were found even though the blueberry husks showed to be antimicrobial and no significant elevations of lactobacilli or bifidobacteria were found in the groups given either of the two probiotic mixtures together with blueberry husks. The blueberry husks were shown to have trophic effects on caecal tissue, which may be due to the high caecal content or by the nutritional stimulation from the CA formed in the caecum. Further, this high caecal tissue weight and caecal content may presumably have influenced the higher weight gain found in blueberry husks compared with the control group, despite the fact that the faecal excretion of protein and fat were higher in rats fed blueberry husks than in those fed the fibre-free control diet.
